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(57) ABSTRACT

A display device includes a telephone communication signal
reception antenna that receives radio waves utilized in tele-
phone communication; a reception intensity measurement
unit that measures an intensity of the radio waves received by
the communication signal reception antenna; a determination
unit that determines, based on the intensity of the radio waves
measured by the reception intensity measurement unit, a dis-
play mode that displays an image at a display unit by using a
representation method which is predetermined associated
with the intensity of the radio waves; and a display control
unit that controls the display unit based on the display mode
determined by the determination unit.
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DISPLAY DEVICE, DISPLAY CONTROL
METHOD, AND PROGRAM

TECHNICAL FIELD

This application is a national stage application of Interna-
tional Application No. PCT/JP2012/066962 entitled “Dis-
play Device, Display Control Method, and Program,” filed on
Jul. 3, 2012, which claims priority to Japanese Patent Appli-
cation No. 2011-150801, filed on Jul. 7, 2011, the disclosures
of'each of which are hereby incorporated by reference in their
entirety.

The present invention relates to a display device, a display
control method, and a program.

BACKGROUND ART

A technique is known in which display data such as (static
or video) image, text, or menu data is displayed on a planar
display device in a three-dimensional manner (i.e., 3D dis-
play) so that a user can view the data stereoscopically.

In a known example, the 3D display is implemented utiliz-
ing disparity between a user’s right and left eyes, where data
for the right eye and data for the left eye, which slightly differ
from each other, are prepared, and those two display data
items are displayed simultaneously. In this display method, so
that the data for the right eye is visible to the right eye but not
visible to the left eye and the data for the left eye is visible to
the left eye but not visible to the right eye, a liquid crystal
panel that functions as an electronic disparity barrier that
blocks specific optical paths is disposed at an appropriate
position, so as to provide the display data stereoscopically.
This method is generally called a “disparity barrier method”.

A liquid crystal display that can perform such 3D display
and ordinary 2D (two-dimensional) display is utilized for
televisions or the like and has recently been built in a portable
terminal device that can receive TV broadcasting such as
one-segment broadcasting (see, for example, Patent-Docu-
ment 1).

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Unexamined Patent Applica-
tion, First Publication No. 2011-4405.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

However, in comparison with the 2D display, the 3D dis-
play drives a greater number of circuits in most cases. For
example, in the disparity barrier method, it is necessary to
drive both of a liquid crystal panel utilized to display the
display data and a liquid crystal panel utilized for the disparity
barrier. By contrast, the 2D display needs only to drive a
liquid crystal panel utilized to display the display data.

Therefore, if displaying a 3D image in an environment that
has a low reception level for telephone communication, com-
munication of a portable terminal device may be discon-
nected or not established due to noise generated when driving
lots of circuits. This may degrade the communication quality.

Inlight of the above circumstances, an object of the present
invention is to provide a display device, a display control
method, and a program, which can reduce the degradation of
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communication quality when an image is displayed on a
display unit of a display device that has a communication
function.

Means for Solving the Problem

In order to achieve the above object, the present invention
provides a display device comprising:

a telephone communication signal reception antenna that
receives radio waves utilized in telephone communication;

a reception intensity measurement unit that measures an
intensity of the radio waves received by the communication
signal reception antenna;

a determination unit that determines, based on the intensity
of the radio waves measured by the reception intensity mea-
surement unit, a display mode that displays an image at a
display unit by using a representation method which is pre-
determined associated with the intensity of the radio waves;
and

adisplay control unit that controls the display unit based on
the display mode determined by the determination unit.

In a typical example of the above display device, the dis-
play unit comprises:

a two-dimensional display part that displays a two-dimen-
sional image; and

a three-dimensional display part that displays a three-di-
mensional image; and

the determination unit determines the display mode to be
one of:

a display mode that displays a three-dimensional image by
utilizing the three-dimensional display part if the intensity of
the radio waves measured by the reception intensity measure-
ment unit is greater than or equal to a predetermined display
dimension determination threshold, and

a display mode that displays a two-dimensional image by
utilizing the two-dimensional display part if the intensity is
less than the display dimension determination threshold.

In a preferable example of the above display device, the
determination unit determines the display mode to be one of:

a display mode that displays an image with higher one of
two resolutions that have a gap between them if the intensity
of the radio waves measured by the reception intensity mea-
surement unit is greater than or equal to a predetermined
resolution determination threshold, and

adisplay mode that displays an image with lower one of the
two resolutions if the intensity is less than the resolution
determination threshold.

In another preferable example of the above display device,
the determination unit determines the display mode to be one
of:

a display mode that displays an image with higher one of
two frame rates that have a gap between them if the intensity
of the radio waves measured by the reception intensity mea-
surement unit is greater than or equal to a predetermined
frame rate determination threshold, and

adisplay mode that displays an image with lower one of the
two frame rates if the intensity is less than the frame rate
determination threshold.

The present invention also provides a display control
method comprising:

a step that receives radio waves utilized in telephone com-
munication;

a step that measures an intensity of the received radio
waves;

a step that determines, based on the intensity of the mea-
sured radio waves, a display mode that displays an image ata
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display unit by using a representation method which is pre-
determined associated with the intensity of the radio waves;
and

astep that controls the display unit based on the determined
display mode.

The present invention also provides a program utilized to
make a computer function as:

a device that receives radio waves utilized in telephone
communication;

a device that measures an intensity of the received radio
waves;

a device that determines, based on the intensity of the
measured radio waves, a display mode that displays an image
at a display unit by using a representation method which is
predetermined associated with the intensity of the radio
waves; and

a device that controls the display unit based on the deter-
mined display mode.

Effect of the Invention

In accordance with the present invention, it is possible to
reduce the degradation of the communication quality when an
image is displayed on a display unit of a display device that
has a communication function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram that shows an outline of an information
collection system pertaining to a first embodiment of the
present invention.

FIG. 2 is a block diagram that shows basic structural ele-
ments of a cellular phone terminal pertaining to the embodi-
ment.

FIG. 3 is a diagram that shows an example of the structure
of a display unit in the embodiment.

FIG. 4 is a flowchart utilized to explain an example of the
display control method of the cellular phone terminal in the
embodiment.

FIG. 5 is a diagram referred to when explaining the
example of the display control method of the cellular phone
terminal in the embodiment.

FIG. 6 is a flowchart utilized to explain an example of the
display control method of a cellular phone terminal pertain-
ing to a second embodiment of the present invention.

FIG. 7 is a diagram referred to when explaining the
example of the display control method of the cellular phone
terminal in the second embodiment.

MODE FOR CARRYING OUT THE INVENTION
First Embodiment

Below, an embodiment of the present invention will be
explained with reference to the drawings. FIG. 1 is a diagram
that shows an outline of an information collection system
pertaining to the embodiment of the present invention.

In the present embodiment, a cellular phone terminal 1
functions as a display device.

FIG. 1 is a block diagram that shows a communication
network system that can be used by this cellular phone ter-
minal.

In addition to a telephone communication function, an
e-mail function, and an Internet connecting function (i.e.,
Web accessing function), the cellular phone terminal 1 also
has a TV function that receives a digital TV broadcasting
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4

(e.g., one-segment terrestrial digital TV broadcasting), a 3D
(three-dimensional) display function, a video recording func-
tion, and the like.

Inthe 3D display function, display data (content data) such
as video, static image, text, or menu data is displayed, not in
a 2D (two-dimensional) manner, but as a 3D image by means
of a disparity barrier method that utilizes disparity between
the right and left eyes.

In the video recording function, content received from TV
broadcasting or the like is recorded (which includes audio
recording, and the same shall apply hereinafter). That is, this
is a content recording function that is not limited to picture
recording but also performs audio recording.

When the cellular phone terminal 1 is connected via a
nearest base station 2A and exchange (or switch) 2B to aradio
communication network 2 (i.e., a mobile communication net-
work), the cellular phone terminal 1 can have a telephone
communication with another cellular phone terminal 1 via the
radio communication network 2.

In addition, when the cellular phone terminal 1 is con-
nected via the radio communication network 2 to the Internet
3, the cellular phone terminal 1 can access and browse a Web
site, and also can perform streaming that downloads and
simultaneously plays multimedia content, which includes
video, static images, audio, news, and the like, from an infor-
mation distribution apparatus 4 via the Internet 3 and the radio
communication network 2.

The cellular phone terminal 1 also receives terrestrial digi-
tal broadcasting (i.e., broadcast content) provided via a
broadcast antenna 6 from a TV station 5. In addition, the
cellular phone terminal 1 can also download and receive
content of digital broadcasting (e.g., Internet radio) from the
information distribution apparatus 4 via the radio communi-
cation network 2 and the Internet 3.

Accordingly, the cellular phone terminal 1 can receive
broadcast content by means of the TV function, and can
download and receive content for the streaming by means of
the Internet connecting function.

The cellular phone terminal 1 can also obtain various kinds
of content from a storage medium 7 (e.g., freely-detachable
portable memory card) or from an external device 8 (e.g.,
another cellular phone) via local communication such as
Bluetooth (registered trademark) communication or infrared
communication.

FIG. 2 is a block diagram that shows basic structural ele-
ments of the cellular phone terminal 1.

The cellular phone terminal 1 includes a CPU 101, a power
supply 102, a storage unit 103, an application processing unit
104, a radio communication unit 105, an operation unit 106,
a TV broadcast reception unit 107, a display unit 108, a
microphone “MC”, a speaker “SK”, an antenna “AT1” that
receives radio waves pertaining to communication, and an
antenna “AT?2” that receives radio waves pertaining to broad-
casting.

The CPU 101 operates while receiving power from the
power supply 102 that has a secondary cell. The CPU 101
includes a central processing unit that controls the general
operation of the cellular phone terminal 1 based on various
programs stored in the storage unit 103, and also includes
memories and the like. Structural elements in the CPU 101
will be explained later.

The power supply 102 has a secondary cell, and supplies
power of the secondary cell to each structural element of the
cellular phone terminal 1 (in FIG. 2, arrows toward each
structural element are omitted).

The storage unit 103 stores various information items uti-
lized in operation of the cellular phone terminal 1, and may
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include a program storage area M1, a temporary storage area
M2, a display information storage area M3, and a content
storage area M4.

The storage unit 103 may include a freely-detachable por-
table memory (i.e., storage medium) such as an SD card or an
IC card, and may be built in a specific external server (not
shown).

The program storage area M1 is a storage area that stores
programs for implementing the present embodiment in accor-
dance with an operation flow shown in FIG. 4 (explained
later), and various applications.

The temporary storage area M2 is a work area that tempo-
rarily stores various information items that are essential for
the cellular phone terminal 1 to operate.

The display information storage areca M3 is a storage area
that stores information referred to in a determination per-
formed by a determination unit 113. For example, the display
information storage area M3 stores (i) a display dimension
determination threshold Th10 that is predetermined as a
threshold utilized to switch the dimension of an image to be
displayed, and (ii) display modes associated with divided
ranges for reception level, where the divided ranges are set by
the display dimension determination threshold Th10.

The content storage area M4 is a storage area that stores
content data received by the TV broadcast reception unit 107.

The application processing unit 104 stores information
utilized in application processes pertaining to the e-mail func-
tion, the Internet connecting function, the TV function, and
the like, and performs control for the processes.

The radio communication unit 105 includes a radio unit
151, a baseband unit 152, and a demultiplexing unit 153.

The radio unit 151 performs data communication with the
transmission or reception with the nearest base station 2A via
the antenna AT1 when, for example, the telephone commu-
nication function, the e-mail function, the Internet connecting
function, or the like is active.

While the telephone communication function is active, the
radio communication unit 105 acquires a signal (that was
received by the radio unit 151) via a reception side of the
baseband unit 152, and demodulates the acquired signal into
a reception baseband signal. After that, the radio communi-
cation unit 105 outputs audio of this signal via the CPU 101
from the speaker SK utilized for telephone communication.

In addition, the radio communication unit 105 receives, via
the CPU 101, audio data that was input using the microphone
MC, and encodes the relevant data into a transmission base-
band signal via the demultiplexing unit 153. After that, the
radio communication unit 105 inputs the transmission base-
band signal into a transmission side of the baseband unit 152,
and then outputs this signal (input into the baseband unit 152)
from the antenna AT1 via the radio unit 151.

The operation unit 106 receives operational input (or entry)
such as dial input, character input, command input, or the like,
and supplies an operation signal, that indicates the content of
the operational input, to the CPU 101. The CPU 101 executes
a process that corresponds to the operation signal received
from the operation unit 106.

The TV broadcast reception unit 107 implements the TV
function, and receives, not only one-segment terrestrial digi-
tal TV broadcasting suitable for cellular phone terminals, but
also program information such as an electronic program list-
ing (EPG information).

The TV broadcast reception unit 107 includes an analog
circuit part that extracts a TV broadcast signal of a preselected
channel from among TV broadcast signals received via the
antenna AT2 (utilized for TV), and a digital circuit part that
digital-demodulates the extracted broadcast signal.
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The digital circuit part may (i) OFDM-demodulate a
received TV broadcast signal (OFDM: Orthogonal Fre-
quency Division Multiplexing), (ii) separate and decode
video, audio, and (character) data from a multiplexed broad-
cast signal, or (iii) decompress compressed data.

The display unit 108 includes a 2D display part 181 (liquid
crystal panel for display) utilized to display a 2D image, and
a 3D display part 182 (liquid crystal panel for disparity bar-
rier) utilized to display a 3D image. An example ofthe display
unit 108 will be explained referring to FIG. 3.

Here, the display unit 108 pertaining to the present embodi-
ment utilizes the disparity barrier method by which a 3D
image can be seen with the naked eyes.

As shown in FIG. 3, the display unit 108 has a display
liquid crystal panel DP1 as the 2D display part 181 and a
disparity barrier liquid crystal panel DP2 as the 3D display
part 182.

The display unit 108 utilizes the display liquid crystal
panel DP1 as the 2D display part 181 to display, for example,
character information, an image for standby display, TV
video, or a shot image, as a 2D image.

Additionally, the display unit 108 can display the display
data as a 3D image by utilizing both of the display liquid
crystal panel DP1 as the 2D display part 181 and the disparity
barrier liquid crystal panel DP2 as the 3D display part 182.

The display liquid crystal panel DP1 and the disparity
barrier liquid crystal panel DP2 are arranged in parallel to
each other. In addition, the disparity barrier liquid crystal
panel DP2 is disposed closer to a relevant display plane than
the display liquid crystal panel DP1. Accordingly, light emit-
ted from the display liquid crystal panel DP1 is provided
through the disparity barrier liquid crystal panel DP2 toward
the user.

When the disparity barrier liquid crystal panel DP2 trans-
mits the entire light emitted from the display liquid crystal
panel DP1, the display unit 108 displays a 2D image.

On the other hand, if the disparity barrier liquid crystal
panel DP2 is operated so that the right and left eyes see
different images (see FIG. 3), then the display unit 108 dis-
plays a 3D image.

More specifically, in order to display a 3D image, data for
the right eye and data for the left eye, which are shifted from
each other, are prepared, and those two display data items are
displayed simultaneously on the display liquid crystal panel
DP1. Additionally, in order that the data for the right eye is
visible to the right eye but not visible to the left eye and the
data for the left eye is visible to the left eye but not visible to
the right eye, the disparity barrier liquid crystal panel DP2
blocks relevant optical paths. Therefore, displayed data can
be shown stereoscopically.

Returning to FIG. 2, an example of the structure of the CPU
101 will be explained in detail.

The CPU 101 includes an audio signal processing unit 111,
a reception intensity measurement unit 112, a determination
unit 113, a broadcast signal control unit 114, a display control
unit 115, and a content control unit 116.

When the audio signal processing unit 111 receives a
reception baseband signal that has been demodulated by the
radio communication unit 105. Based on the reception base-
band signal, the audio signal processing unit 111 outputs
audio ofthis signal from the speaker SK utilized for telephone
communication. Additionally, when receiving audio data
from the microphone MC (for telephone communication), the
audio signal processing unit 111 encodes the relevant data
into a transmission baseband signal, and then outputs this
signal to the transmission side of the baseband unit in the
radio communication unit 105.
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The reception intensity measurement unit 112 measures
the reception level of radio waves received by the radio unit
151 of the radio communication unit 105, and outputs a value
(reception level value), that indicates the measured reception
level, to the determination unit 113. The reception level mea-
sured by the reception intensity measurement unit 112 is
indicated by RSCP (Received Signal Code Power), RSSI
(Received Signal Strength Indicator), or the like.

Based on the reception level value measured by the recep-
tion intensity measurement unit 112, the determination unit
113 performs a determination between predetermined display
modes associated with reception level values. The respective
display modes display images in different representation
manners.

The display modes may include a 2D display mode that
displays a 2D image at the display unit 108, and a 3D display
mode that displays a 3D image at the display unit 108.

The determination unit 113 compares the display dimen-
sion determination threshold Th10, that is predetermined as a
threshold utilized to switch the dimension of an image to be
displayed, with the reception level value measured by the
reception intensity measurement unit 112. When the recep-
tion level value measured by the reception intensity measure-
ment unit 112 is less than the display dimension determina-
tion threshold Th10, the determination unit 113 determines
the mode to be the 2D display mode that displays a 2D image
by means of the 2D display part 181. By contrast, if the
reception level value supplied from the reception intensity
measurement unit 112 is greater than or equal to the display
dimension determination threshold Th10, the determination
unit 113 determines the mode to be the 3D display mode that
displays a 3D image by utilizing the 3D display part 182.

If it has been determined that received images are dis-
played in real time, the broadcast signal control unit 114
controls, based on a digital-modulated broadcast signal
received from the TV broadcast reception unit 107, the dis-
play control unit 115 to display the display data at the display
unit 108. On the other hand, if it has been determined that
received images are stored in the storage unit 103 and then
displayed, the broadcast signal control unit 114 stores the
digital-modulated broadcast signal (received from the TV
broadcast reception unit 107) into the display information
storage area M3 in the storage unit 103.

Based on the display mode determined by the determina-
tionunit 113, the display control unit 115 controls the display
unit 108.

It the mode is determined by the determination unit 113 to
be the 2D display mode, the display control unit 115 controls
the display unit 108 to display the display data, that is
received from the broadcast signal control unit 114 or the
content control unit 116, as a 2D image. That is, the display
control unit 115 drives the 2D display part 181 of the display
unit 108 to display a 2D image at the display unit 108.

On the other hand, if the mode is determined by the deter-
mination unit 113 to be the 3D display mode, the display
control unit 115 controls the display unit 108 to display the
display data, thatis received from the broadcast signal control
unit 114 or the content control unit 116, as a 3D image. That
is, the display control unit 115 drives the 2D display part 181
and the 3D display part 182 of the display unit 108 to display
a 3D image at the display unit 108.

When the content control unit 116 is instructed via the
operation unit 106 to display the display data, which (content
data) has been stored in the storage unit 103, at the display
unit 108, the content control unit 116 retrieves designated
display data from the display information storage area M3 of
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the storage unit 103, and controls the display control unit 115
to display an image based on the retrieved display data at the
display unit 108.

Next, referring to FIGS. 4 and 5, an example of the display
control method of the cellular phone terminal 1 pertaining to
the present embodiment will be explained. FIG. 4 is a flow-
chart utilized to explain the example of the display control
method of the cellular phone terminal 1. FIG. 5 is a diagram
referred to when explaining the relevant example of the dis-
play control method.

Step ST1

As shown in FIGS. 4 and 5, when the reception level value
supplied from the reception intensity measurement unit 112 is
greater than or equal to the display dimension determination
threshold Th10 (see time t1 to time t2), the display control
unit 115 controls the display unit 108 to display the display
data, that is received from the broadcast signal control unit
114 or the content control unit 116, as a 3D image. Therefore,
the display control unit 115 drives the 2D display part 181 and
the 3D display part 182 of the display unit 108 to display a 3D
image at the display unit 108.

Step ST2

The determination unit 113 compares the reception level
value output from the reception intensity measurement unit
112 with the predetermined display dimension determination
threshold Th10.

Step ST3

Here, the reception level value is changed from “greater
than or equal to the display dimension determination thresh-
0ld Th10” to “less than the display dimension determination
threshold Th10” (see time t2).

When the reception level value supplied from the reception
intensity measurement unit 112 is less than the display
dimension determination threshold Th10, the determination
unit 113 determines the mode to be the 2D display mode that
displays a 2D image by means of the 2D display part 181.
Then the display control unit 115 controls the display unit 108
to display the display data, that is received from the broadcast
signal control unit 114 or the content control unit 116, as a 2D
image. Therefore, the display control unit 115 drives the 2D
display part 181 of the display unit 108 to display a 2D image
at the display unit 108 (see time t2 to time t3).

Step ST4

On the other hand, if the reception level value supplied
from the reception intensity measurement unit 112 is greater
than or equal to the display dimension determination thresh-
0ld Th10 (in the above step ST2), the determination unit 113
determines the mode to be the 3D display mode that displays
a 3D image by utilizing the 3D display part 182. The display
control unit 115 thus controls the display unit 108 to display
the display data, that is received from the broadcast signal
control unit 114 or the content control unit 116, as a 3D
image. Therefore, the display control unit 115 drives the 2D
display part 181 and the 3D display part 182 of the display
unit 108 to display a 3D image at the display unit 108.

Step STS

Next, the determination unit 113 compares the reception
level value output from the reception intensity measurement
unit 112 with the predetermined display dimension determi-
nation threshold Th10.

Step ST6

Here, the reception level value is changed from “less than
the display dimension determination threshold Th10” to
“greater than or equal to the display dimension determination
threshold Th10” (see time t3).

When the reception level value supplied from the reception
intensity measurement unit 112 is greater than or equal to the
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display dimension determination threshold Th10, the deter-
mination unit 113 determines the mode to be the 3D display
mode that displays a 3D image by utilizing the 3D display part
182. The display control unit 115 thus controls the display
unit 108 to display the display data, that is received from the
broadcast signal control unit 114 or the content control unit
116, as a 3D image. Therefore, the display control unit 115
drives the 2D display part 181 and the 3D display part 182 of
the display unit 108 to display a 3D image at the display unit
108 (see time t3 to time t4). The operation then returns to step
ST2.

Step ST7

On the other hand, if the reception level value supplied
from the reception intensity measurement unit 112 is less than
the display dimension determination threshold Th10 (in the
above step ST5), the determination unit 113 determines the
mode to be the 2D display mode that displays a 2D image by
means of the 2D display part 181. Then the display control
unit 115 controls the display unit 108 to display the display
data, that is received from the broadcast signal control unit
114 or the content control unit 116, as a 2D image. Therefore,
the display control unit 115 drives the 2D display part 181 of
the display unit 108 to display a 2D image at the display unit
108.

As described above, in the display control method of the
cellular phone terminal 1 pertaining to the present embodi-
ment, (i) when the reception level value of the radio waves for
telephone communication has been changed to a state of
being greater than or equal to the display dimension determi-
nation threshold Th10, the display mode is switched to the 3D
display, and (i) when the reception level value of the radio
waves for telephone communication has been changed to a
state of being less than the display dimension determination
threshold Th10, the display mode is switched to the 2D dis-
play. Accordingly, when the reception level value is low, it is
possible to drive the 2D display part 181 without driving the
3D display part 182, so that an 2D image is displayed at the
display unit 108.

Therefore, when the reception level value is low, it is pos-
sible to reduce the number of circuits to be driven, and thereby
noise generated by driving the circuits can be reduced, and
degradation in the reception level value of radio waves for
telephone communication can be prevented.

In other words, when the reception level value is low, the
cellular phone terminal 1 can reduce noise pertaining to radio
waves utilized for telephone communication, and thereby
reception level suitable for telephone communication can be
secured. Accordingly, even while a 3D image is displayed at
the display unit 108, if the reception level value for telephone
communication is low, it is possible to switch to 2D image
display, and thus to prevent a further decrease in the low
reception level due to noise generated by driving circuits
utilized to display images.

The cellular phone terminal 1 pertaining to the present
embodiment is not limited to the above-described form, and
may determine switching between the following display
modes.

An example includes a low resolution display mode that
displays an image at the display unit 108 with a low-level
resolution and a high resolution display mode that displays an
image at the display unit 108 with a high-level resolution,
where the resolution of the “low-level resolution” is lower
than the resolution of the “high-level resolution™.

In this case, the determination unit 113 compares a reso-
Iution determination threshold Th20, that is predetermined as
athreshold utilized to switch the resolution of an image to be
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displayed, with the reception level value measured by the
reception intensity measurement unit 112.

If the reception level value measured by the reception
intensity measurement unit 112 is less than the resolution
determination threshold Th20, the determination unit 113
determines the mode to be a low resolution display mode that
displays an image at the display part 181 with a resolution of
a predetermined low level. By contrast, if the reception level
value measured by the reception intensity measurement unit
112 is greater than or equal to the resolution determination
threshold Th20, the determination unit 113 determines the
mode to be a high resolution display mode that displays an
image at the display part 181 with a resolution of a predeter-
mined high level.

When the reception level value of the radio waves for
telephone communication has been changed to a state of
being greater than or equal to the resolution determination
threshold Th20, the resolution for images is switched to that
having the high level. When the reception level value of the
radio waves for telephone communication has been changed
to a state of being less than the resolution determination
threshold Th20, the resolution for images is switched to that
having the low level.

Therefore, when the reception level value is low, it is pos-
sible to reduce the amount of display data to be displayed at
the display unit 108, and thereby operation load of the CPU
101 so as to drive the display unit 108 can be reduced. Accord-
ingly, it is possible to prevent a further decrease in the low
reception level due to noise generated by an increased opera-
tional load of the CPU 101.

The cellular phone terminal 1 pertaining to the present
embodiment is not limited to the above-described form, and
may determine switching between the following display
modes.

An example includes a low frame rate display mode that
displays an image at the display unit 108 with a low-level
frame rate and a high frame rate display mode that displays an
image at the display unit 108 with a high-level frame rate,
where the frame rate of the “low-level frame rate” is lower
than the frame rate of the “high-level frame rate”.

In this case, the determination unit 113 compares a frame
rate determination threshold Th30, that is predetermined as a
threshold utilized to switch the frame rate of an image to be
displayed, with the reception level value measured by the
reception intensity measurement unit 112.

If the reception level value measured by the reception
intensity measurement unit 112 is less than the frame rate
determination threshold Th30, the determination unit 113
determines the mode to be a low frame rate display mode that
displays an image at the display part 181 with a frame rate of
a predetermined low level. By contrast, if the reception level
value measured by the reception intensity measurement unit
112 is greater than or equal to the frame rate determination
threshold Th30, the determination unit 113 determines the
mode to be a high frame rate display mode that displays an
image at the display part 181 with a frame rate of a predeter-
mined high level.

When the reception level value of the radio waves for
telephone communication has been changed to a state of
being greater than or equal to the frame rate determination
threshold Th30, the frame rate for images is switched to that
having the high level. When the reception level value of the
radio waves for telephone communication has been changed
to a state of being less than the frame rate determination
threshold Th30, the frame rate for images is switched to that
having the low level.
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Therefore, when the reception level value is low, it is pos-
sible to reduce the clock frequency of display data to be
displayed at the display unit 108, and thereby generation of
noise due to harmonics can be reduced. Accordingly, it is
possible to prevent a further decrease in the low reception
level due to such noise.

Second Embodiment

Below, a second embodiment of the present invention will
be explained with reference to FIGS. 6 and 7.

Since a cellular phone terminal 1 pertaining to the present
embodiment has a structure similar to the above-described
cellular phone terminal 1, identical reference numerals are
given, and detailed explanations thereof are omitted here.

FIG. 6 is a flowchart utilized to explain an example of the
display control method of the cellular phone terminal 1 per-
taining to the present embodiment. FIG. 7 is a diagram
referred to when explaining the relevant example of the dis-
play control method.

The determination unit 113 ofthe cellular phone terminal 1
pertaining to the present embodiment employs a lower limit
display dimension determination threshold Th11, that is pre-
determined as a threshold utilized to switch the dimension of
an image to be displayed from 3D to 2D, and an upper limit
display dimension determination threshold Th12, that is pre-
determined as a threshold utilized to switch the dimension of
an image to be displayed from 2D to 3D, so as to perform a
determination between predetermined display modes associ-
ated with reception level values.

The lower limit display dimension determination threshold
Th11 is lower than the upper limit display dimension deter-
mination threshold Th12, and there is a predetermined gap
between these thresholds.

While a 3D image is displayed, the determination unit 113
compares the lower limit display dimension determination
threshold Th11 with the reception level value measured by the
reception intensity measurement unit 112.

When the reception level value measured by the reception
intensity measurement unit 112 is less than the lower limit
display dimension determination threshold Th11, the deter-
mination unit 113 determines the mode to be the 2D display
mode that displays a 2D image by means of the 2D display
part 181. That is, while a 3D image is displayed, if the recep-
tion level value becomes less than the lower limit display
dimension determination threshold Thll, the mode is
switched from the 3D display mode to the 2D display mode.

On the other hand, while a 2D image is displayed, the
determination unit 113 compares the upper limit display
dimension determination threshold Th12 with the reception
level value measured by the reception intensity measurement
unit 112. When the reception level value measured by the
reception intensity measurement unit 112 is greater than or
equal to the upper limit display dimension determination
threshold Th12, the determination unit 113 determines the
mode to be the 3D display mode that displays a 3D image by
utilizing the 3D display part 182. That is, while a 2D image is
displayed, if the reception level value becomes greater than or
equal to the upper limit display dimension determination
threshold Th12, the mode is switched from the 2D display
mode to the 3D display mode.

The determination unit 113 has a memory area, and stores
information, that indicates the determined display mode, into
this memory area.

The following explanation corresponds to a flowchart of
FIG. 7.

Step ST11

The radio communication unit 105 of the cellular phone
terminal 1 receives radio waves for telephone communication
via the antenna AT1.
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Step ST12

The reception intensity measurement unit 112 of the CPU
101 measures the reception level of radio waves received by
the radio communication unit 105, and outputs the reception
level value to the determination unit 113.

Step ST13

Next, the determination unit 113 checks the current display
mode stored in its memory area.
Step ST14

The determination unit 113 then determines whether or not
the current display mode is the 2D display mode or the 3D
display mode.

Step ST15

If it is determined in the step ST14 that the current display
mode is the 2D display mode, the determination unit 113
determines whether or not the reception level value measured
by the reception intensity measurement unit 112 is less than
the upper limit display dimension determination threshold
Th12.

Step ST16

If it is determined that the reception level value measured
by the reception intensity measurement unit 112 is less than
the upper limit display dimension determination threshold
Th12, the determination unit 113 determines the mode to be
the 2D display mode that displays a 2D image by means of the
2D display part 181. That is, the display control unit 115
continues to control the display unit 108 to display the display
data, that is received from the broadcast signal control unit
114 or the content control unit 116, as a 2D image. The
display control unit 115 displays a 2D image at the display
unit 108 by driving the 2D display part 181 of the display unit
108.

Step ST17

By contrast, if it is determined that the reception level value
measured by the reception intensity measurement unit 112 is
greater than or equal to the upper limit display dimension
determination threshold Th12 (see t13 in FIG. 7), the deter-
mination unit 113 determines the mode to be the 3D display
mode that displays a 3D image by utilizing the 3D display part
182.

The display control unit 115 thus controls the display unit
108 to display the display data, that is received from the
broadcast signal control unit 114 or the content control unit
116, as a 3D image. Therefore, the display control unit 115
drives the 2D display part 181 and the 3D display part 182 of
the display unit 108 to display a 3D image at the display unit
108.

The determination unit 113 then stores the 3D display
mode as the current display mode that is stored in its memory
area.

Step ST18

On the other hand, if it is determined in step ST14 that the
current display mode is the 3D display mode, the determina-
tion unit 113 determines whether or not the reception level
value measured by the reception intensity measurement unit
112 is greater than or equal to the lower limit display dimen-
sion determination threshold Th11.

Step ST19

If it is determined that the reception level value measured
by the reception intensity measurement unit 112 is greater
than or equal to the lower limit display dimension determi-
nation threshold Th11, the determination unit 113 determines
the mode to be the 3D display mode that displays a 3D image
by utilizing the 3D display part 182.

That s, the display control unit 115 continues to control the
display unit 108 to display the display data, that is received
from the broadcast signal control unit 114 or the content
control unit 116, as a 3D image. The display control unit 115
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displays a 3D image at the display unit 108 by driving the 2D
display part 181 and the 3D display part 182 of the display
unit 108.

Step ST20

By contrast, if it is determined that the reception level value
measured by the reception intensity measurement unit 112 is
less than the lower limit display dimension determination
threshold Th11, the determination unit 113 determines the
mode to be the 2D display mode that displays a 2D image by
utilizing the 2D display part 181. The display control unit 115
thus controls the display unit 108 to display the display data,
that is received from the broadcast signal control unit 114 or
the content control unit 116, as a 2D image. Therefore, the
display control unit 115 drives the 2D display part 181 of the
display unit 108 to display a 2D image at the display unit 108
(see time t12 to t13).

The determination unit 113 then stores the 2D display
mode as the current display mode that is stored in its memory
area.

Step ST21

The determination unit 113 then determines whether or not
a predetermined time for determination has come. For
example, when a specific time has elapsed from the time of
the previous determination, the determination unit 113 deter-
mines that the time for determination has come. If it is deter-
mined that the time for determination has come, the operation
returns to step ST11 to repeat the above-described operation.

As described above, the lower limit display dimension
determination threshold Thl1 and the upper limit display
dimension determination threshold Th12 are employed to
provide a gap between these thresholds. Therefore, when the
reception level value is in the vicinity of the lower limit
display dimension determination threshold Th11 or the upper
limit display dimension determination threshold Th12, it is
possible to prevent the display mode from being switched
frequently.

The cellular phone terminal 1 pertaining to the present
embodiment is not limited to the above-described form, and
may determine switching between the following display
modes.

For example, the determination unit 113 employs a lower
limit resolution determination threshold Th21, that is prede-
termined as a threshold utilized to switch the resolution of an
image to be displayed from a high-level resolution to a low-
level resolution, and an upper limit resolution determination
threshold Th22, that is predetermined as a threshold utilized
to switch the resolution of an image to be displayed from a
low-level resolution to a high-level resolution, so as to per-
form a determination between predetermined display modes
associated with reception level values. Here, the lower limit
resolution determination threshold Th21 is lower than the
upper limit resolution determination threshold Th22, and
there is a predetermined gap between these thresholds. It is
preferable to interpose the lower limit resolution determina-
tion threshold Th21 and the upper limit resolution determi-
nation threshold Th22 between the lower limit display dimen-
sion determination threshold Th11 and the upper limit display
dimension determination threshold Th12.

While a high-resolution image is displayed in accordance
with a high resolution display mode, the determination unit
113 compares the lower limit resolution determination
threshold Th21 with the reception level value measured by the
reception intensity measurement unit 112. When the recep-
tion level value measured by the reception intensity measure-
ment unit 112 is less than the lower limit resolution determi-
nation threshold Th21, the determination unit 113 determines
the mode to be a low resolution display mode. That is, while
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a high-resolution image is displayed in accordance with the
high resolution display mode, if the reception level value
becomes less than the lower limit resolution determination
threshold Th21, the resolution of the displayed image is
switched to a low level.

By contrast, while a low-resolution image is displayed in
accordance with the low resolution display mode, the deter-
mination unit 113 compares the upper limit resolution deter-
mination threshold Th22 with the reception level value mea-
sured by the reception intensity measurement unit 112. When
the reception level value measured by the reception intensity
measurement unit 112 is greater than or equal to the upper
limit resolution determination threshold Th22, the determi-
nation unit 113 determines the mode to be the high resolution
display mode. That is, while a low-resolution image is dis-
played in accordance with the low resolution display mode, if
the reception level value becomes greater than or equal to the
upper limit resolution determination threshold Th22, the
resolution of the displayed image is switched to a high level.

The determination unit 113 has a memory area, and stores
information, that indicates the determined display mode, into
this memory area.

The determination unit 113 performs the display mode
determination by a method similar to that which was
explained referring to FIG. 6.

Accordingly, when displaying a 3D image in an environ-
ment in which the reception level is decreasing, the level of
resolution can be reduced without switching the mode to the
2D display so as to prevent the reception level from decreas-
ing due to noise.

Similarly, the determination unit 113 employs a lower limit
frame rate determination threshold Th31, that is predeter-
mined as a threshold utilized to switch the frame rate of an
image to be displayed from a high-level frame rate to a low-
level frame rate, and an upper limit frame rate determination
threshold Th32, that is predetermined as a threshold utilized
to switch the frame rate of an image to be displayed from a
low-level frame rate to a high-level frame rate, so as to per-
form a determination between predetermined display modes
associated with reception level values. It is preferable to inter-
pose the lower limit frame rate determination threshold Th31
and the upper limit frame rate determination threshold Th32
between the lower limit display dimension determination
threshold Th11 and the upper limit display dimension deter-
mination threshold Th12.

The cellular phone terminal 1 pertaining to the present
embodiment includes a computer system. The steps in the
relevant operation are stored as a program in a computer-
readable storage medium, and the operation is performed
when the relevant computer loads and executes the program.
The above computer system includes hardware resources
such as a CPU, various types of memories, an OS, and periph-
eral devices.

Ifthe computer system employs a WW W system, the com-
puter system can provide a homepage service (or viewable)
environment.

The above computer readable storage medium is a storage
device, for example, a portable medium such as a flexible
disk, a magneto optical disk, a ROM, a writable and nonvola-
tile memory (e.g., flash memory), or a CD-ROM, or a
memory device such as a hard disk built in a computer system.

The computer readable storage medium also includes a
device for temporarily storing the program, such as a volatile
storage medium (e.g., DRAM (dynamic random access
memory))ina computer system which functions as a server or
client and receives the program via a network (e.g., the Inter-
net) or a communication line (e.g., a telephone line).
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The above program, stored in a memory device of a com-
puter system, may be transmitted via a transmission medium
or by using transmitted waves passing through a transmission
medium to another computer system. The transmission
medium for transmitting the program has a function of trans-
mitting data, and is, for example, a (communication) network
such as the Internet or a communication line (e.g., a telephone
line).

In addition, the program may execute a part of the above-
explained functions.

The program may also be a “differential” program so that
the above-described functions can be executed by a combi-
nation program of the differential program and an existing
program which has already been stored in the relevant com-
puter system.

INDUSTRIAL APPLICABILITY

In accordance with the present invention, it is possible to
reduce the degradation of the communication quality when an
image is displayed on a display unit of a display device that
has a communication function.

REFERENCE SYMBOLS

1 cellular phone terminal

101 CPU

102 power supply

103 storage unit

104 application processing unit

105 radio communication unit

106 operation unit

107 TV broadcast reception unit

108 display unit

MC microphone

SK speaker

AT1 antenna that receives radio waves for communication
AT?2 antenna that receives radio waves for broadcasting
111 audio signal processing unit

112 reception intensity measurement unit

113 determination unit

114 broadcast signal control unit

115 display control unit

116 content control unit

The invention claimed is:

1. A display device comprising:

a telephone communication signal reception antenna that
receives radio waves utilized in telephone communica-
tion;

a reception intensity measurement unit that measures an
intensity of the radio waves received by the communi-
cation signal reception antenna;

a determination unit that determines, based on the intensity
of the radio waves measured by the reception intensity
measurement unit, a display mode that displays an
image at a display unit by using a representation method

which is predetermined associated with the intensity of

the radio waves; and
adisplay controlunit that controls the display unit based on
the display mode determined by the determination unit,
wherein the display unit comprises:
a two-dimensional display part that displays a two-di-
mensional image; and
a three-dimensional display part that displays a three-
dimensional image; and
wherein the determination unit determines the display
mode to be one of:

10

15

20

25

30

35

40

45

50

55

60

16

a display mode that displays a three-dimensional image
by utilizing the three-dimensional display part if the
intensity of the radio waves measured by the reception
intensity measurement unit is greater than or equal to
a predetermined display dimension determination
threshold, and

a display mode that displays a two-dimensional image
by utilizing the two-dimensional display part if the
intensity is less than the display dimension determi-
nation threshold.

2. A display device comprising:

a telephone communication signal reception antenna that
receives radio waves utilized in telephone communica-
tion;

a reception intensity measurement unit that measures an
intensity of the radio waves received by the communi-
cation signal reception antenna;

adisplay control unit that controls the display unit based on
the display mode determined by the determination unit;
and

a determination unit that determines, based on the intensity
of the radio waves measured by the reception intensity
measurement unit, a display mode that displays an
image at a display unit by using a representation method
which is predetermined associated with the intensity of
the radio waves, wherein the determination unit deter-
mines the display mode to be one of:
adisplay mode that displays an image with higher one of

two resolutions that have a gap between them if the
intensity of the radio waves measured by the reception
intensity measurement unit is greater than or equal to
a predetermined resolution determination threshold,
and

a display mode that displays an image with lower one of
the two resolutions if the intensity is less than the
resolution determination threshold.

3. A display device comprising:

a telephone communication signal reception antenna that
receives radio waves utilized in telephone communica-
tion;

a reception intensity measurement unit that measures an
intensity of the radio waves received by the communi-
cation signal reception antenna;

adisplay control unit that controls the display unit based on
the display mode determined by the determination unit;
and

a determination unit that determines, based on the intensity
of the radio waves measured by the reception intensity
measurement unit, a display mode that displays an
image at a display unit by using a representation method
which is predetermined associated with the intensity of
the radio waves, wherein the determination unit deter-
mines the display mode to be one of:
adisplay mode that displays an image with higher one of

two frame rates that have a gap between them if the
intensity of the radio waves measured by the reception
intensity measurement unit is greater than or equal to
a predetermined frame rate determination threshold,
and

a display mode that displays an image with lower one of
the two frame rates if the intensity is less than the
frame rate determination threshold.

4. A display control method comprising:

a step that receives radio waves utilized in telephone com-
munication;

a step that measures an intensity of the received radio
waves;



US 9,161,024 B2

17

a step that determines, based on the intensity of the mea-
sured radio waves, a display mode that displays an image
ata display unit by using a representation method which
is predetermined associated with the intensity of the
radio waves; and

astep that controls the display unit based on the determined
display mode,

wherein the display unit comprises:

a two-dimensional display part that displays a two-di-
mensional image; and

a three-dimensional display part that displays a three-
dimensional image; and

wherein the determining step determines the display mode
to be one of:

a display mode that displays a three-dimensional image
by utilizing the three-dimensional display part if the
intensity of the radio waves measured by the reception
intensity measurement unit is greater than or equal to
a predetermined display dimension determination
threshold, and

a display mode that displays a two-dimensional image
by utilizing the two-dimensional display part if the
intensity is less than the display dimension determi-
nation threshold.

5. A non-transitory computer readable medium storing a

program utilized to make a computer function as:

a device that receives radio waves utilized in telephone
communication;
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a device that measures an intensity of the received radio
waves;

a device that determines, based on the intensity of the
measured radio waves, a display mode that displays an
image at a display unit by using a representation method
which is predetermined associated with the intensity of
the radio waves; and

a device that controls the display unit based on the deter-
mined display mode,

wherein the display unit comprises:

a two-dimensional display part that displays a two-di-
mensional image; and

a three-dimensional display part that displays a three-
dimensional image; and

wherein the determination device determines the display
mode to be one of:

a display mode that displays a three-dimensional image
by utilizing the three-dimensional display part if the
intensity of the radio waves measured by the reception
intensity measurement unit is greater than or equal to
a predetermined display dimension determination
threshold, and

a display mode that displays a two-dimensional image
by utilizing the two-dimensional display part if the
intensity is less than the display dimension determi-
nation threshold.
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